Biosynthesis of mammalian glycoproteins. Glycosylation pathways in the synthesis of the nonreducing terminal sequences.
Six purified glycosyltransferase (a beta-galactoside alpha 2 leads to 6 sialyltransferase, a beta-galactoside alpha 2 leads to 3 sialyltransferase, an alpha-N-acetylgalactosaminide alpha 2 leads to 6 sialyltransferase, a beta-galactoside alpha 1 leads to 2 fucosyltransferase, a beta-N-acetylglucosaminide alpha 1 leads to 3 fucosyltransferase, and a (fucosyl alpha 1 leads to 2) galactoside alpha 1 leads to 3 N-acetyl-galactosaminyltransferase) have been used to study the biosynthetic pathways for formation of the nonreducing terminal oligosaccharide sequences in mammalian glycoproteins. The two glycoproteins used as model acceptor substrates in this study were human asialotransferrin, which contains the nonreducing terminal oligosaccharide sequence Gal beta 1 leads to 4GlcNAc beta 1 leads to 2Man, and antifreeze glycoprotein, which contains oligosaccarides with the structure, Gal beta 1 leads to 3GalNAc alph 1 leads O-Thr. Sequential action of the six glycosyltransferases on these model substrates led to the formation of previously described oligosaccharide structures. The studies reported here indicate that the substrate specificities of the individual enzymes dictate the structures that can be synthesized and the pathways by which they may be formed. The actions of a number of the transferasesare mutually exclusive, thereby prohibiting the formation of theoretically possible oligosaccharide structures. Oligosaccharides with the terminal sequence NeuAc alpha 2 leads to 3(Fuc alpha 1 leads to 2)Gal beta 1 leads to 3GalNAc and NeuAc alpha 2 leads to 6Gal beta 1 leads to 4(Fuc alpha 1 leads to 3)GlcNAc cannot be formed because the prior incorporation of sialic acid by the sialyltransferases yields products that are not acceptor substrates for the fucosyltransferases, and vice versa. Synthesis of other products requires that the enzymes act sequentially in a specific order. The structures NeuAc alpha 2 leads to 6(Fuc alpha 1 leads to 2)Gal beta 1 leads to 4GlcNAc, Fuc alpha 1 leads to 2Gal beta 1 leads to 4(Fuc alpha 1 leads to 3)GlcNAc, GalNAc alpha 1 leads to 3(Fuc alpha 1 leads to 2)Gal beta 1 leads to 4GlcNAc, and GalNAc alpha 1 leads to 3(Fuc alpha 1 leads to 2)Gal beta 1 leads to 3GalNAc can only be synthesized if the fucosyl alpha 1 leads to 2 galactose linkage is formed first. Synthesis of the pentasaccharide sequences GalNAc alpha 1 leads to 3(Fuc alpha 1 leads to 2)Gal beta 1 leads to 3(NeuAc alpha 2 leads to 6)GalNAc and GalNAc alpha 1 leads to 3(Fuc alpha 1 leads to 2)Gal beta 1 leads to 4(Fuc alpha 1 leads to 3)GlcNAc requires that the N-acetylgalactosaminyltransferase act last on the former structure and that the alpha 1 leads to 3 fucosyltransferase act last on the latter. In those instances where a product can be formed by one of two possible pathways, the comparisons of reaction rates indicate that one pathway is usually preferred...